Seventy-two lichen specimens of
Cetrelia W.L. Culb. & C.F. Culb. belongs to the lichenized ascomycete family Parmeliaceae Zenker, cetrarioid genera. The name of Cetrelia is a fanciful concoction from Cetraria and Parmelia, in which most of the species had previously been placed. Culberson and Culberson (1968) combined some species from the old genus Cetraria and some species from Parmelia into the new genus Cetrelia based on morphological and chemical characters. The main characters of this genus are the broad lobe, the presence of laminal pseudocyphella, and the production of aromatic compounds such as orcinol-type depsides or depsidones. Although there were many reports on the study of Cetrelia (Beguinot 1982; Chen 1986; Culberson and Culberson 1968; Elix 1994; Harada 1996; Lai 2001) , almost no expert study on Cetrelia had been conducted in Korea until the macrolichen flora of South Korea was published (Park, 1990) . In her paper, 6 species of Cetrelia were reported with brief description of each species and a key to the genus. However, there are still some problems such as ambiguous characters which made it difficult to differentiate species and to do the corresponding taxonomic work. According to the most newly published checklist of Korean lichens (Hur et al., 2005) , there were 8 species of Cetrelia recorded in Korean peninsula. The aim of this study was to evaluate the importance of different taxonomic characters which have not been carefully examined by phenotypic and phylogenetic analyses so far.
Materials and Methods

Phenotypic analysis. Seventy-two lichen specimens of
Cetrelia from South Korea were examined and are deposited in KoLRI (Korean Lichen Research Institute). The gross morphology and anatomy of the specimens were examined by the dissecting microscope (Nikon SMZ 1500) and compound microscope (Olympus BX50). The chemical characters were examined by medullar color reaction and thin layer chromatography (Culberson, 1972; White and James, 1985) . Nineteen morphological and chemical characters were chosen for the phenotypic analysis (Table 1, 2) . Maximum parsimony analysis was performed by PAUP version 4.0b10 (Swofford, 2002) Gardes and Bruns, 1993) and ITS4A (5'-ATTTGAGCTCTTCCCGCTTCA-3'; White el al., 1990) . Previously described conditions by Arup (2002) have been used for PCR amplification and cycle sequencing.
Sequencing and phylogenetic analysis. PCR products were sequenced by ABI 3700 automated DNA Sequencer in NICEM at Seoul National University. The phylogenetic analysis was executed by the Software Mega2 (Kumar et al., 2001) . Kimura 2-parameter model was taken, and gaps were retained initially while being excluded in the pairwise distance estimation. The neighbor joining (NJ) (Saitou and Nei, 1987) method was used in constructing the phylogenetic tree and the reliability of the inferred tree was tested by 1,000 bootstrap relications. Cetralia islandica (Genbank accession no.: EF373567) was used as the outgroup.
Results and Discussion
Phenotypic analysis. Phenotypic analysis was performed by morphological and chemical characters (Table  1 and 2). Maximum parsimony analysis showed that Cetrelia was divided into two sections (I and II), according to the presence or absence of lobules, indicating that this character is the most important character to distinguish the species (Fig. 1) .
The results also indicated that either morphological characters or chemical characters were not enough to distinguish the species in Cetrelia and thus they should be considered together. For example, in section I, both C. late and that is why they are easily wrong in brief morphological identification. Medullar color reaction of C is further significant to distinguish them. Olivetoric acid (C+ reaction) was only present in C. pseudolivetorum but was absent in C. japonica (Fig. 3) Phylogenetic analysis. The NJ consensus tree constructed by Mega2 is shown in Fig. 2 . According to the tree, each species finely assembled together and this proved that the taxonomy of Cetrelia based on morphological and chemical characters is reliable. Besides, all tested specimens were divided into two sections (I and II) according to the presence or absence of lobules, indicating that this character is very important in the taxonomy of Cetrelia, which is accordant with the phenotypic analysis (Fig. 1) .
In conclusion, according to the comprehensive analysis of phenotypic and phylogenetic analysis, four characters are thought to be important in the taxonomy of Cetrelia and they are listed as follows: presence or absence of lobules, presence or absence of soredia, presence or absence of isidia, medullar reaction C− or C+. Among these four species, C. japonica and C. pseudolivetorum have closer relationship whereas C. chicitae and C. braunsiana are closely related.
In this paper, only ITS region was involved in phylogenetic anlysis, so, not all characters could be well evaluated. The amount of examined specimens is limited and only 4 species had been identified from South Korean materials. Some characters which are not considered to distinguish these four species might be significant to distinguish them from other species. Therefore, more corre- The numbers in each node represents bootstrap support value, and the numbers lower than 50 were not shown. sponding work needs to be done in the future.
Taxonomic treatment of the genus. According to the above comprehensive analysis, a key to the genus is presented with morphological and chemical characters. Only representative specimens were cited when the number is large. External morphology: Thallus medium, about 8.5 cm broad, lobes 0.8~1.8 cm broad. Upper surface ashy olivegreen, margins somewhat rolled and downward; sorediate along margins (Fig. 3-4) , pseudocyphellate, pores small, punctiform to enlongate but rarely exceeding 1mm. Lower surface jet-black, margins brown or colored like upper surface, rhizines to 1 mm or less, black, tips white.
Key to Cetrelia species in South Korea
Medulla white. Pycnidia and apothecia not present in Korean specimens.
Chemistry: Thallus medullar C−, K−, KC+ pink, P−, contains atranorin, alectoronic, α-collatolic acid, 4-Omethylphsodic, and physodic acid (Fig. 4) . Distribution: Mt. Jiri (Fig. 5) (7): [493] [494] [495] [496] [497] [498] 1968 External morphology: Thallus medium to large, 51 7 cm broad, lobes 0.5~0.7 cm broad. Granular or coralloid isidia finely or poorly developed along the margins or on the upper surface ( Fig. 3-2) , upper surface ashy-green, tan or uniformly brownish in some old herbarium specimens. Margins ascendant or downward. Pseudocyphellate, pores small, punctiform to irregular but rarely exceeding 1mm. Lower surface black, margins brown or grayish like the color of upper surface, rhizines black, about 1 mm. Apothecia not seen, pycnidia present in some specimens, limited on the tips of isidia.
Chemistry: Thallus medullar C−, K−, KC+ pink, P−, contains atranorin, alectoronic, α-collatolic acid, 4-Omethylphsodic, and physodic acid (Fig. 4) . Distribution: Mt. Baekwoon, Mt. Halla, Mt. Jiri, Mt. Juhul, Mt. Odae, Mt. Sokri, Mt. Wolak (Fig. 5) .
Habitat and ecology: Alt. 510~1700 m; on trunk of Abies, Betula, Pinus and Quercus; sometimes on rock.
Remarks: Morphologically C. braunsiana is similar to C. pseudolivetorum because of the isidia-like lobules of C. pseudolivetorum, but chemically they are quite different. Medullar color reaction of C. braunsiana is C−, whereas C. psuedolivetorum is C+.
Representatives of 14 specimens : 040425 Jae-Seoun External morphology: Thallus medium to large, 6~16 cm broad, lobes 0.5~1 cm broad, tips pruinose occasionally, the margins densely fringed with multi-branched lob- (Park, 1990) and newly reported in this study, respectively. The previous records confirmed by newly collected specimens in this survey were indicated as stars (★).
ules ( Fig. 3-3) , lobules narrow or broadly expanded and
